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ENANTIOSELECTIVE SYNTHESIS OF PROTECTED a-HYDROXY ALDEHYDES 
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Summary: a-Benzyloxy aldehydes and a-acetoxy ketones 4 of high enantiomeric purity are 
prepared in good overall yields via oxaziridine mediated hydroxylation of chiral hydrazone 
azaenolates. As auxiliaries novel proline derived hydrazine reagents 5 are used. 

The importance of a-hydroxy carbonyl compounds as crucial structural features of many natural 

products and as chiral building blocks initiated numerous studies for their stereoselective synthesis’. 

An attractive route to this versatile class of compounds is the direct oxidation of the parent carbonyl 

compounds and their enolates’ or enol derivativess. Consequently, overall enantioselective procedures 

using this approach have been developed recently4. With one exeption4f, all of these new techniques 

lead to a-hydroxy acid derivatives. Thus, the efficient a-hydroxylation of simple aldehydes and ketones 

affording protected a-hydroxy synthons of type A and B remains to be solved. 

A 

66 = 69 - 2 96% 

In continuation of our efforts to further explore the utility of the SAMP-/RAMP-hydrazone 

methodology5, we describe herein the enantioselective synthesis of a-benzyloxy aldehydes A and a- 

acetoxy ketones B in good overall chemical yields and of high enantiomeric purity. As is shown in 

the scheme, the aldehydes and ketones 1 are transformed into their corresponding SAMP-hydrazones 

(RS = H) or the sterically hindered hydrazones (S)-2, using novel hydrazine reagents (S)-lb-d 

(R3 = Me,El,Ph)6 with sterically more demanding side chains at the pyrrolidine ring. After de- 

protonation with tert-butyllithium or lithium diisopropylamide (1.1 equ.) in tetrahydrofuran (O”C, 
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5h), the resulting chiral azaenolates underwent facile oxidation by treatment with 2-(phenylsulfonyl)-3- 

phenyloxaziridine (6)” (1.5 equ., -85°C --) -5O”C, 1.5h). After quenching with saturated ammonium 

chloride solution and workup with ether, the a-hydroxy hydrazones 3 (R4 = H) are isolated after flash 

chromatography (silica gel, ether-n-pentane, 3O:‘i’O). 

The diastereomeric excess of 3 (R4 = H) is.easily determined either by “C NMR spectroscopy 

or by HPLC (see footnote h, table). Whereas in the case of ketones (R’ # H) no other diastereomer 

was detectable (de 1 96%), the aldehyde hydrazones (R1 = H) h s owed lower de’s (footnote h-k, table) 

and separation of the minor diastereomer was neccessary by flash chromatography at this stage. The o- 

hydroxy hydrazones of ketones are cleaved by ozonolysis in dichloromethane at -78°C to yield the highly 

enantiomerically enriched a-hydroxy ketones 4 (R4 = H). The enantiomeric excess was determined by 

IH NMR shift experiments using Eu(hfc) s on the corresponding acetates (R4 = COCHs) prepared with 

AczO, DMAP in dichloromethane. The diastereomerically pure a-hydroxy hydrazones of aldehydes are 

first benzylated with sodium hydride and benzyl chloride in dry dimethylformamide, followed by oxidative 

cleavage with ozone to yield the enantiomerically pure a-benzyloxy aldehydes 4 (R” = CH~CSH~). 

Recycling of the chiral auxiliary (S)-5a-d is possible via separation of the corresponding nitrosamines 

(S)-‘la-d formed during ozonolysis5. 

The results summarized in the table show that LDA is superiour over t-BuLi as base giving better 

overall chemical yields (entry 2-7). In the case of ketone hydroxylations SAMP (58) and 5d (RS‘ = Ph, 

entry 7) are the auxiliaries of choice, whereas the asymmetric inductions of aldehyde hydroxylations 

are best using 5c (R3 = Et) as hydrazine reagent (entry 10-12). The other enantiomers of 4 may be 

obtained in the same way by employing the corresponding auxiliaries based on (R)-proline (entry 4,5). 
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The absolute configurations of the final products are in agreement with a metallo retentive mechanism, 

which we postulated previously for electrophilic substitutions via SAMP-/RAMP-hydrazones5. However, 

unpredicted absolute configurations are noticed in the aldehyde hydroxylations by chanching SAMP to 

the more hindered auxiliaries (entry 8-12). 

In conclusion, the asymmetric oxaziridine mediated a-hydroxylations described here offer a new 

overall enantioselective route to protected a-hydroxy aldehydes and ketones*. 

Table 1. Highly enantiomerically enriched a-benzyloxy aldehydes and a-acetoxy ketones 4 prepared by 
asymmetric hydroxylation of metalated chiral hydrazones 2. 

Entry R1 R2 R3 R4 base 
overall 
yield[%]l [a]g(c,benzene) ee[%]* confg. 

1 CsH5 CH3 H COCH3 LDA 

2 CsH5 -3 -3 COCHs t-BuLi 

3 GH5 CH3 CH3 COCH3 LDA 

4 Cd5 C6H5 H COCHs t-BuLi 

5 C6H5 C6H5 H COCH3 LDA 

6 CeHsCHz CsH5 H COCHs t-BuLi 

7 C6H5CH3 C6H5 C6H5 COCH3 LDA 

8 H n - CsH13 H CHzCsH5 LDA 

9 H n - CsH13 CH3 CHsCsH5 LDA 

10 H n - CBHlS CsH5 CHsCsHs LDA 

11 H CaHsCHz CsH5 CHsCsHs LDA 

12 H n - C4Hs CsH5 CHaCsHs LDA 

51 (60) 

51 (62) 

73 (86) 

54 (62) 

74 (82) 

48 (52) 

62 (75) 

63 (82) 

448 (85) 

559 (80) 

668 (83) 

539 (70) 

+33.2" (1.16) 93 

+27.5' (1.0) 85 

+31.4" (1.05) 88 

-230.5" (1.0) 296 

+231.3" (1.0) 296 

+74.1" (1.0) 36 

$202.0" (1.0) 89f 

+43.2" (0.95) 56 

-74.7" (1.0) >96h 

-75.0" (1.0) 296' 

-110.9' (0.9) 2963' 

-78.3" (1.05) >96k 

WC 

(RI 
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w 
09 
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a) Overall yield of the process 1 + 4; in parentheses: yield of oxidation step 2 + 3. - b) Determined 

with the ‘H NMR shift reagent Eu(hfc)s. - c) (S)-2-Hydrmcy-1-phenylpropanone”f: [a]o=-86.7” (c=2.0, 
CHCIs); this work: [a]g=+83.7” (c=2.1, CHCZs). - d) (S)-(+)-Benzoin’: [a]:: =+118.4" (c=2.5, 
acetone); this work: [a]g =+116.3” (c=1.2, acetone). - e) RAMP was used as chiral auxiliary. - 
f) Partial epimeriaation/racemization; de of corresponding hydrazone 3 98% (“C NMR). - g) After 

separation of the minor diastereomer of hydrazone 3 by flash chromatography (silica gel, ether-n-pentane, 

30:70). - h) Diastereomeric ratio of 3 66:34 determined by HPLC: Resolve column (Waters, 5 ~1 spherical 
silica, 3.9x150 mm) coupled with a Pirkle column [Serva, Heidelberg, (R)-N-dinitrobenzoylphenylglycine 
covalently bound on SI 100 polyol, 4.6x250 mm], n-hexane-isopropanol, 95:5; 0.5 ml/n&, 520 psi. - i) 
Diastereomeric ratio = 9O:lO (HPLC). - j) D’ t ias ereomeric ratio = 97:3 (HPLC). - k) Diastereomeric 
ratio = 88:12 (HPLC). 
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